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3 7 a VERTICAL DEFLECTION OF THE APEX FOR TEST I=6m....ooo... 52 
38* VERTICAL DEFLECTION OF THE APEX FOR TEST 1 = 7 „ » . • a • a * « » a , 53 
39A VERTICAL AND HORIZONTAL DEFLECTIONS FOR TEST 5U 
i | O a VERTICAL DEFLECTION OF THE APEX FOR TEST I I - 2 . • <. a a » < , a a « • 55 
ILL. VERTICAL DEFLECTION OF THE APEX FOR TEST I I - 3 A 0 » ° ° ° a o o o o 56 
I | 2 . VERTICAL DEFLECTION OF THE APEX FOR TEST I I ~ I | a o o o c • • • 57 
U3« VERTICAL DEFLECTION OF THE APEX FOR TEST 1 1 - 5 ° » « . . . • 58 
V I I 
LIST OF FIGURES (continued) 
Figure Page 
UU. Vertical Deflection of the Apex for Test 11=6<,„o.$9 
LI5« Vertical Deflection of the Apex for Test I=?o00*00000 60 
1*6. Vertical Deflections for Test IH«=>1 00000000000000000000 61 
k l . Vertical Deflections for Test HI"12oooooooooo0ooooooooo 62 
Vertical Deflections for Test Î So ooooooooopooooooooo 63 
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SUMMARY 
EFFECT OF AXIAL THRUST AND DEFLECTIONS ON 
THE ULTIMATE LOAD OF GABLE FRAMES 
The object ive of t h i s i n v e s t i g a t i o n i s t o determine the e f f ec t 
of both the ax ia l thrust and d e f l e c t i o n s on the ult imate load carry­
ing capacity of gable frames. The method invo lves the use of the inter­
act ion of ax ia l force and u l t imate moment i n any given member of a 
s tructure , then superinposing the secondary e f f e c t of d e f l e c t i o n by 
taking in to considerat ion the new configuration of the s tructure prior 
to c o l l a p s e . 
A rat ional approach has been developed for the a n a l y s i s , and 
equations have been derived t o compute the u l t imate load the structure 
i s capable of carrying. The ana lys i s was developed for a rectangular 
sec t ion , neg lec t ing the e f f e c t s of shear and s t a b i l i t y , with the assump­
t i o n that the material t o be used was A-7 s tructural s t e e l . 
The experimental work t o v e r i f y the t h e o r e t i c a l development 
included t e s t s on 22 gable frame models having d i f f erent r i s e - t o - s p a n 
r a t i o s and d i f ferent column h e i g h t s . The d e f l e c t i o n s and ul t imate load 
of the t e s t e d models were recorded and graphs were p l o t t e d to show the 
corre la t ion between the ana lys i s and the t e s t r e s u l t s . In t h i s study, 
the "ultimate load" i s defined as the load at which a mechanism has 
been formed i n the structure and where excess ive deformations occur at 
no increase i n load . 
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SINCE THE MODELS HAD TO BE WELDED, THE STEEL WAS ANNEALED TO 
RELIEVE ANY RESIDUAL STRESSES AND PROVIDE A MATERIAL LESS LIKELY TO 
BE AFFECTED BY WELDING. THE WELDS DID, HOWEVER̂  CREATE A LOCAL EFFECT, 
WHICH DID NOT AFFECT THE ULTIMATE LOAD TO ANY APPRECIABLE DEGREE. 
FROM THE TEST RESULTS IT WAS OBSERVED THAT THE REDUCTION IN THE 
ULTIMATE LOAD DUE TO BOTH DEFLECTIONS AND AXIAL LOAD COULD BE PRE­
DICTED IN GABLE FRAMES AND THAT THE GENERAL APPROACH IS APPLICABLE TO 
WF SHAPES AS WELL AS TO RECTANGULAR SECTIONS. 
.A PREMATURE FAILURE OF THE MODELS OCCURRED AT A LOWER ULTIMATE 
LOAD THAN PREDICTED BY THE SIMPLE PLASTIC THEORY, AND THE DEFLECTIONS 
AT FAILURE WERE SMALLER THAN THE CALCULATED DEFLECTIONS WHICH WERE 
ASSOCIATED WITH THE HIGHER THEORETICAL ULTIMATE LOAD. 
THEORETICAL CALCULATIONS AS WELL AS GRAPHS ARE PRESENTED TO 
REVEAL THE CORRELATION BETWEEN THE THEORETICAL ANALYSIS, THE EXPERI­




The s i m p l e c o n c e p t s of p l a s t i c a n a l y s i s and t h e u s u a l d e s i g n 
t e c h n i q u e s i g n o r e t h e e f f e c t of d e f l e c t i o n s and assume t h a t t h e s t r u c ­
t u r e d o e s n o t deform e x c e s s i v e l y . T h i s c r i t e r i a i s s a t i s f i e d f o r 
mos t s t r u c t u r e s h a v i n g h o r i z o n t a l and v e r t i c a l members 0 
The e f f e c t of a x i a l l o a d on t h e u l t i m a t e l o a d i s f u l l y o u t l i n e d 
by Lo S . B e e d l e , B . Thur lumann, and R» L. K e t t e r ( l ) . 1 - * The a s s u m p t i o n s 
made a r e s 
I n t h i s s t u d y , i n t e r a c t i o n e q u a t i o n s and g r a p h s a r e p r e s e n t e d 
t o t a k e a c c o u n t of t h e r e d u c t i o n of "Mpw ( t h e p l a s t i c moment) due t o 
" P " ( t h e a x i a l f o r c e ) on any member of t h e s t r u c t u r e ^ , 
Numbers i n p a r e n t h e s i s i n d i c a t e r e f e r e n c e s l i s t e d i n t h e 
" L i t e r a t u r e C i t e d " s e c t i o n of t h e b i b l i o g r a p h y <> 
( a ) 
( b ) 
( o ) 
( d ) 
P l a n e s e c t i o n s r a m a i n p l a n e 
I d e a l i z e d o*- g r e l a t i o n s h i p (Fig«, 1) 
Smal l d e f l e c t i o n s , i . e 0 , t a n ^ a $ 
E q u i l i b r i u m ( f rom s t r e s s d i s t r i b u t i o n ) 
FIGO 1 
k 
STABILITY WAS IGNORED IN THIS PRESENTATION, FOR IT IS ASSUMED 
THAT THE STRUCTURE IS FULLY BRACED AGAINST LATERAL BUCKLING,, LATERAL 
BUCKLING DOES NOT PRESENT A PROBLEM IN GABLE FRAMES WHERE A RECTANGULAR 
SECTION IS USED. IT IS MORE IMPORTANT IN THE CASE OF WF SECTIONS. 
SHEAR WAS ALSO IGNORED SINCE ITS EFFECT IS NEGLIGIBLE, FOR EVEN IN 
THOSE CASES WHERE IT CANNOT BE TAKEN BY THE ELASTIC CORE OF THE SECTION, 
THE PHENOMENA OF STRAIN HARDENING IS ADEQUATE TO TAKE CARE OF SHEAR. 
THE OBJECTIVE OF THIS INVESTIGATION WAS TO DETERMINE THE FOLLOW­
ING? 
1 . THE EFFECT OF THE DEFLECTIONS ON THE ULTIMATE LOAD 
2. THE EFFECT OF THE AXIAL FORCE ON THE ULTIMATE LOAD 
3 . THE BEHAVIOR OF THE STRUCTURE AND THE MODE OF FAILURE 
AT COLLAPSE 
LI. THE DEVELOPMENT OF A DESIGN PROCEDURE TAKING INTO 
ACCOUNT THE EFFECT OF AXIAL FORCE AND DEFLECTIONS 
THE EXPERIMENTAL PROCEDURE WAS INTENDED TO VERIFY THE ANALY­
TICAL PHASE OF THIS INVESTIGATION. TESTS WERE CARRIED OUT ON GABLE 
FRAME MODELS MADE OF 3/l6n SQUARE RODS HAVING CHARACTERISTICS SIMILAR 
TO A-7 STEEL. THE RISE-TO-SPAN RATIOS AND THE HEIGHT OF COLUMNS WERE 
VARIED TO SHOW THE EFFECT OF DEFLECTIONS AND AXIAL LOAD WITH THE VARIA­
TION OF THESE RATIOS. 
THE ANALYTICAL PHASE INCLUDED THE CALCULATION OF THE REDUCTION OF 
"MP11 (THE ULTIMATE MOMENT) AT EACH POSSIBLE HINGE LOCATION BY FIRST 
TAKING INTO ACCOUNT THE EFFECT OF AXIAL FORCE, THEN SUPERIMPOSING THE 
REDUCTION IN THE ULTIMATE LOAD, N P ° , DUE TO DEFLECTIONS, I . E . , THE 
EFFECT OF THE CHANGE OF SHAPE OF THE STRUCTURE BEFORE COLLAPSE. 
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CHAPTER I I 
LHEORETICAL DEVELOPMENT 
IN THE PRESENTATION OF THIS ANALYSIS, IT I S ASSUMED THAT THE 
READER I S FAMILIAR WITH THE TERMINOLOGY AND FUNDAMENTAL CONCEPTS OF 
PLASTIC DESIGN, 
THE PLASTIC SOLUTION OF ANY FRAME HAS TO FULFILL THE FOLLOWING 
CONDITIONSt (L) 
1 . EQUILIBRIUM 
2O PLASTICITY CONDITION (M^MP) 
3O MECHANISM,(ADDITIONAL DEFORMATIONS ARE POSSIBLE 
WITHOUT INCREASE OF LOAD (SUFFICIENT MP8 S)) 
A LOWER BOUND SOLUTION IS WHEN EQUILIBRIUM CONDITIONS ARE SATIS­
FIED AND NO VIOLATION OF PLASTICITY EXISTS„ THUS, THE LOADS ARE LOWER 
THAN, OR EQUAL TO, THE TRUE ULTIMATE LOAD SINCE A MECHANISM MAY NOT 
EXIST DUE TO THE LACK OF ENOUGH HINGES » 
WHERE EQUILIBRIUM CONDITIONS ARE SATISFIED AND A MECHANISM 
EXISTS, WE HAVE AN UPPER BOUND SOLUTION0 THE LOWEST OF THE UPPER 
BOUNDS I S THE CORRECT SOLUTION AND WILL BE EQUAL TO THE HIGHEST POS­
SIBLE LOWER BOUND„ A MECHANISM CONSISTS OF ENOUGH HINGES TO CAUSE THE 
FRAMEWORK TO COLLAPSE IN A LOCAL OR GENERAL FASHION. THESE HINGES CAN 
OCCURS 
1 , UNDER A CONCENTRATED LOAD 
2 , AT A CHANGE OF SECTION 
3 , AT A CHANGE OF DIRECTION IN THE MEMBERS 
k* WHERE SHEAR I S ZERO 
EACH HINGE REMOVES ONE DEGREE OF INDETERMINANCY IN THE STRUCTURE0 
6 
T h r e e g e n e r a l s h a p e s of g a b l e f r a m e s u n d e r t h e same l o a d i n g 
were i n v e s t i g a t e d , a s shown belows 
Type I 
Fig. 2 
Type I I 
F i g . 3 
Type I I I 
P i g . h 
7 
REDUCTION IN MP DUE TO INFLUENCE OF AXIAL THRUST ON PLASTIC MOMENT 
CAPACITY'S - - I F A MEMBER I S SUBJECTED TO BOTH AN AXIAL THRUST AND A 
BENDING MOMENT, THE PROGRESSIVE CHANGE IN STRESS DISTRIBUTION ACROSS 
A SECTION AS THESE LOADS ARE INCREASED WILL BE OF THE FORM SHOWN IN 
FIG. 5 . 
M 
P ^ E 0 3 
A 
(A) (b) (C) (d) 
FIG. 5 
SINCE A PLASTIC HINGE IS BASED ON INFINITE <f> VALUE, THEN MP K 
WILL BE DETERMINED FROM CONSIDERATION OF THE STRESS DISTRIBUTION. FOR 
A RECTANGULAR SECTION, EQ. (L) FROM REF. 2 APPLIESS 
AND, 
MP » OY Z 
PY m <5y A 
PY _ MRJ A 
FOR A SQUARE SECTION, 
A - B 2 










In the development of this analysis, the coeficient nkn alows 
for the reduction in the ultimate moment at every hinge location due 
to axial force after the corect colapse mechanism is determined. 
Equations have been derived to find the values of Mk*sw and 
these values for the diferent ratios of rise-to-span and column 
heights are listed in Table I4. 
Finding values of "k's" for Types I and lis —• The failure mechanism 
and method of approach to finding the wkft values for Types I and II 
are identical. An example below ilustrates the procedures 
Loading diagrams 
Fig. 6 
Moment diagram showing moment peaks s 
Mp 
9 
The correct failure mechanism; 
Fig. 8 
This mechanism fulfillss Plasticity Mechanism 
Equilibrium 
Since there is symmetry, it is advantageous to use the instan­
taneous center method on half the structure as shown belows 
P 
3" 
(1) 8 spaces @ L - 8L (g)j 
Fig. 9 
We now haves 
Mp 9 (k̂  + 2k2 + k3) « pL 9 (1 + 2 + 3 + U/2) 
P - 5g ft, * 2k2 * k3) 
(9) 
(10) 
The total ultimate load iss P = 7p (11) 
Now the structure is determinate, since enough hinges have been 
formed to relieve indeterminanee. Since our original structure is 
10 
I N D E T E R M I N A T E TO THE T H I R D D E G R E E , H I N G E S 1 AND k AND H I N G E S 1 AND £ 
OCCUR SIMULTANEOUSLY DUE TO SYMMETRY OF THE STRUCTURE AND OF THE LOAD­
I N G C O N D I T I O N . A P P L Y I N G S T A T I C S , WE HAVE FROM F I G . 10S 
RT « R - £ 
SUMMING MOMENTS ABOUT n B n ( F R O M F I G . 10 ) S 
M P K 2 + M P K ± - 2L ( H ^ ) " 0 
( 1 2 ) 
H L " H R - * ( K L + K 2 ) ( 1 3 ) 





A ± I S THE AXIAL LOAD A S S O C I A T E D W I T H K ± | A ± OR A2, WHICHEVER 
I S GREATER, I S THE AXIAL LOAD A S S O C I A T E D W I T H K G | A ^ I S THE LOAD 
A S S O C I A T E D W I T H K ^ . I T FOLLOWS T H A T . 
AG * H C O S « + R S I N C < 
A3 • H C O S E * 
(iW 
( IS ) 
( 1 6 ) 
( 1 7 ) 
11 
From Eqs. (10) and (lk) we haves 
h ' $ t * L + 2k2 + V ( 1 8 ) 
From Eqs. (8) and (l8) we gets 
h & 7b + 2kg + k3) (19) Ay 6I|L 
Values of "b" and nLt are obtained from Tables 1 and 2, then substiuted 
in Eq. (19) as folows. 
^ 0.01023̂  + 0.020i6k2 + 0.01023k3 (20) 
Using Eq. (l) we gets 
2 
1̂  = 1 - (0.010231̂  + 0.020l;6k2 + 0.01023k3) (21) 
Substiuting the values of nHw and "R" in Eq. (l£) for 
we obtains 
Whers 
== - cosc< (23) W20L 
2L 
p=m* - sine*. (21*) V20L 
Then f rom E q s . ( 8 ) and (22 ) we g e t s 
* y 21I20L 2 1 ^ hair ( k l + 2 k 2 + 
S u b s t i t u t i n g t h e v a l u e s of B b " and "L" f rom T a b l e I s 
tl - 0.01505k-, + 0 .020 i*3k 9 + O.OOli58k. 
Ay 
S u b s t i t u t i n g Eq. ( 2 6 ) i n Eq . ( 1 ) we o b t a i n s 
k 2 « 1 - ( 0 . 0 1 5 0 5 k ! + 0 .020 l*3k 2 + 0 .00 l*58k3) 2 
i f k 2 < ^ ^ 
S u b s t i t u t i n g t h e v a l u e of " H n f rom Eq . ( 1 3 ) i n Eq . ( 1 6 ) , 
S u b s t i t u t i n g t h e v a l u e s of B b w and B L t t f rom T a b l e I s 
•3 • 1 (\+ V 
^20L^ 
From E q s . ( 8 ) and ( 2 8 ) we o b t a i n s 
2 l l 2 0 j / 
(O.OlOl t f l^ + O . O l O ^ k g ) 
From E q s . ( l ) and ( 3 0 ) we o b t a i n s 
k 3 - 1 - (O.OlOltfk-L + 0 o 0 1 0 4 7 k 2 ) 2 
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These equations can be set in a general form as shown belows 
1 
(Ak^ + Bk̂  + Gk̂) (32) 
1 (Dk-ĵ  + Ek2 + Fk̂) 2 if 1̂  < ̂  (33) 
k 2 1 ^ if k2 > 1 ^ (for Types I and II) 
(3i) 
A, B, Go Do E, F, G, H, and I are constants fors (l) a definite 
loading conditons, (2) a ratio of rise-to-span and column height̂  and 
(3) a definite shape section. 
The values of "kx", nk2", and "k-̂" were obtained by programming 
these equations on an IBM 650 electronic computer, 
Eqs. (32), (33), and (3h) are also applicable to WF sections as 
long as the neutral axis is in the web. The values of A, B, G, D, E, 
F, G, H, and I will vary with the values of s 
A semi-graphical method of finding the "k" values of WF sections 
is shown in Appendix G. This method applies to any section that has a 
known "load-moment" interaction curve. 
and -—) where "w" is the thickness of the web 
from Beedle (l) s Mpc s x _ A2 ,P ^2 Bp 1 HwZ F̂y (35) 
Ih 
FINDING VALUES OF B K F S B FOR TYPE ILLS — IGNORING THE EFFECT OF DEFLEC­
TION ON THIS TYPE OF STRUCTURE, THE SOLUTION BY THE SIMPLE PLASTIC 
THEORY IS READILY AVAILABLE. THE TREATMENT OF THE ANALYSIS I S SHOWN 
BELOW FOR THE ,ASE WHERE THE RISE IS n 2 L w s 
CORRECT FAILURE MECHANISM AND TAKING SYMMETRY INTO CONSIDERATIONS 
FIG. 1 3 





This solution is general and applies to all Type III models, irrespec­
tive of the rise. Due to the presence of symmetry, half of the struc­





Thus we obtain: 
Mp © (k^ + 2k 2 + k 3) - 2pL0 (l + l) 
Mp p f f l I ( V 2 k 2 + V 




Now the structure is determinate and all the forces can be obtained 
from staticsg 
Taking member AB as a free bodys , 
P 5 * 3 




Taking moments about Bs 
- Mp (kj_ + k 2 ) - pL - HjL + TP (2L) - 0 
H L m I [ 6 P L " M P < k l + k 2>] 
(1*0) 
( l a ) 
Taking member BC as a f r e e bodys 
h l 3 ^ p/2 
P Mpkg l ^ J r ^ "*T~" ^ 
F i g . 16 
Taking moments about G: 
(1*2) 
Mp ( k 2 + k 3 ) - pL ( 1 + 2) - H ^ L + | p (2L) 
H L 1 = i [2pL + Mp ( k 2 + k 3 ) ] - H L 
(1*3) 
(1*1*) 
I t f o l l o w s t h a t . 
~ s i n o< + cos o< 
^2 " \ i 3 ^ - n ^ * ^Xii eoscx (U6) 
A 3 « cos(X (Ji7) 
S u b s t i t u t i n g t he va lues o f , ! p % cos , and s i n f rom Eqs. ( 3 7 ) , 
( 2 3 ) , and (2 l i ) i n Eq, (kh) we obta ins 
1 7 
+ r2Lfe(KL + 2 K 2 + K 3 ) " | 
V20L L 
(W) 
DIVIDING BY "AY", AS IN EQ. ( 8 ) : 
!X = ( 0 . % + 2 1 ^ + 1 . 5 K 3 ) + 7J> ( 1 ^ + 2K 2 + K 3 ) (U9) 
120L I6FEOL 
NOW, SUBSTITUTING VALUES OF N B D AND "LT T IN EQ. (k9), WE OBTAINS 
AN 
-J± - ( 0 . 0 1 9 6 7 5 ^ + 0.06L3L]OK2 + 0.040665K 3) (50) 
USING EQ. (L)S 
\ - L - ( 0 . 0 1 9 6 7 % + 0.06L3U0K2 + O.OL40665K3)2 ( 5 1 ) 
NOW FOR AG, SUBSTITUTING VALUES OF "P" FROM EQ. (37) IN EQ. (U6), WE 
OBTAIN: 
A2 » ^ L - . 1 |^2L (HO) ( 1 ^ + 2K 2 + K 3) + MP(K2 + K3)j 
+ 2L P P ( 1 ^ + 2K 2 + K3)~| (52) 
DIVIDING BY "AY*. 
^ = P £ . < ° - % * 2 K 2 * L . * 3 > * (KJ. - 2K 2 * K ) (53) 
J20L 161(20L 
1 8 
Substituting values of "b B and *L B from Table 1, we gets 
^ - ( 0*01704% + 0.0550801*2 + 0.038035K 3 ) ( 5M 
And from Eq. (l), we haves 
k 2 - 1 - (0.0170II5K ± + 0.055080K 2 + 0 . 0 3 8 0 3 5 K 3 ) 2 (55) 
Similarly, for A 3 
t l - j ^ z ( 0 . 5 ^ + 2k 2 + l .5K ) (56) 
V20L 
ANDS 
K 3 - 1 - ( 0 . 0 1 0 4 9 5 ^ + 0.0419801^ + 0 . 03L485K 3 ) 2 (57) 
Eqs. ( 5 L ) , ( 5 5 ) , and (57) are set in the same general form as Eqs. 
( 3 3 ) , (3U), and ( 3 5 ) . Table h gives the values of A, B, C, D, E, F, 
G, H, and I for the different cases. 
Computation of deflection? — In the computation of deflections, the 
slope deflection equations were used. The method is outlined by 
Neal (2). The assumptions and conditions ares 
(a) Idealized M - 0 relationship 
(b) Each span retains its flexual rigidity for the 
whole length between hinges 
(c) Unlimited rotation is possible at hinge sections 
M = Hp 
Contrary to their use in elastic design, where the slope 
deflection equations are used to determine the moments at the various 
sections, in plastic design the moments are all known and the slope 
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DEFLECTION EQUATIONS ARE USED TO DETERMINE RELATIVE DEFLECTION OF 
SEGMENTS OF THE STRUCTURE. 
TO OBTAIN THE DEFLECTION OF A STRUCTURE AT ULTIMATE LOAD, THE 
FOLLOWING INFORMATION IS NEEDED. 
(A) MOMENT DIAGRAM AT ULTIMATE LOAD 
(B) SLOPE DEFLECTION EQUATIONS 
(C) THE PRINCIPLE OF CONTINUITY AT "LAST HINGE" 
THE LAST HINGE TO FORM CAN EITHER BE OBTAINED BY AN ELASTIC-PIASTIC 
ANALYSIS OF A STEP-BY-STEP FORMATION OF HINGES, OR BY THE ASSUMPTION 
THAT EACH HINGE IN THE STRUCTURE IN TURN IS THE LAST TO FORM. THE 
CORRECT DEFLECTION AT ULTIMATE IS THE MAXIMUM VALUE OBTAINED FROM THE 
VARIOUS TRIALS. 
EXAMPLES ON THE COMPUTATION OF VERTICAL CENTERLINE DEFLECTIONS 
(FIXED END BEAM WITH LOADING AS SHOWN) S 
P P P P p p p 
« i i L i i I 










-MF_ a MF = MF„„ - -MF AB BA BC CB 




The slope deflection is used in this form as outlined in Neal (2)s 
fto - d , L [2(MjlB - MF̂) - (MBA - MFBA)J (6l) Then; 
- dv + UL (~2Mp * 5p) - (»Mp - 5p) 
HL SET L T~ j dv + kL (~2Mp - 5p) - (-Mp + 5p) 1 
0feC - - dv + I4L [~(2Mp + 5p) - (Mp - 5p) 1 
ur m . L 7~J 
0GB - - dv + UL f(2Mp - 5p) - (Mp + 5p)~| 





A hinge is considered positive if it causes extension of the 
fibers adjacent to the dotted line and conversely is considered 
21 
negative if it causes contraction of the fibers adjacent to the doted 
line. The term "Y" is defined as the total rotation of a hinge, not 
to be confused with B 0 B , the rotation of the chord relative to the fixed 
end. Then we haves 
^ 1 - - 0AB (66) 
y2 - 0BA - 0BC (67) 
3̂ - 0GB (68) 
<4> - - dv + tolp - liL(lgp) (69) 
is ^EI "scSnr p̂9 - dv - i|LMp + ltf,(l5p) * dv - kLHp - 2|L(l5p) (70) ' HL SET HL W 
- - dv + ULHp - 1|L(15>) (71) 
I J n "SET 
The last hinge to form is at B (Fig. 19), for the value of the 
deflection is the largest. Then we haves 
<f>2 - dv - imp - 0 (72) 
Ands 
dv « 8MpL2 (73) 
Substituting the value of "dv" in Eqs. (69), (70), and (71), we gets 
% % % (satisfies continuity) 
0 
Gable framess — An example on the computation of the vertical deflec­







Mp@ (kj_ + 2 k 2 + k^) • pL© f8) ( 7y 
p - Ms (k x + 2 k 2 + k 3) ( 7 S ) 
23 
M p k l 3 > A 
iTrjl 
F i g . 23 
Us ing t he s lope d e f l e c t i o n equations 




0AB » - dh + 2L (2Mpkn - Mpk~) 
0BA - - dh + 2L (2Mpko - Mpk, ) 
0BC « dv + 1|L L("»2MPKP + 5P) - ( -Mpk q - 5P) 
I T L J T"_ 
0CB - dv + liL |(-2MPKO - 5P) - ( -Mpk 0 + £p) 
I T 3ET L 3 "2 _ 
From Table Us 
k 2 ^ 1 k 3 1 
From the ins tan taneous cen te r a n a l y s i s ; 
dv = ULO 
dh - 2L9 








The values of " 1 11 then ares 
- jfaB - - dh + 2L (Mp) (84) 
1 "OEI 
4^ « 0BC - 0BA - dv - l|L(Mp) + l|L FL5P% + dh - 2L(Mp) (85) 
D TJ: oil "5ER*T" ; 2L SET 
A> - 0gb • -dv + Imp UL / 1 5 P \ (86) 
' 3 HL S E T ^ E T " T } 
The last hinge to form is at C (Fig. 23) since it gives the 
maximum value of deflection and still fulfills the principle of con­
tinuity. Thens 
dv - m m (Mp + 7.5P) (8?) 
WE 
Substituting the values of "dv" and Mdli" in Eqs. (84) and ( 8 5 ) . 
f l % % (88) 
+ 0 
From Eqs. (67) and (?W? 
p - M p (89) 
I T 
Substituting the value of »p n In Eq. ( 8 7)3 
dv * 1 6 L 2 (Mp + 7.5MP) (90) 
SET ~ 5L 
Substituting the numerical values of L , E, I , and Mp from Tables 1 and 2: 
dv » 64 x 5 2 . 5 + 64 x 7 . 5 x 5 2 . 5 
6 x 30 x 1 0 3 6 x 30 x 1 0 3 x 4 
dv - 0 . 5 1 in. (91) 
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The proposed method of solutions — The procedure to determine both 
the effects of axial thrust and deflections on gable frames iss 
1. Determine the locations of possible plastic hinges 
2. Select possible mechanisms 
3. Set up the equation expressing the principle of virtual 
works 
External work (Wg) = Internal Work (Wj) 
h» Select the lowest critical load to cause failure which in 
turn yields the correct mechanism 
5« Check equilibrium by drawing moment diagram 
6. Moments are now all known. By statics solve for axial 
load on members of the structure. 
7. Apply the interaction formula to find the values of 
k^, kg, and k^ 
8. Solve for the deflection at "ultimate1' 
9. Take the new configuration of the structure prior to 
failure and compute the critical load as in step k» 
This should be ample to give a conservative value of 
the ultimate load, 
10. If a more precise analysis is required, knowing the new 
critical load, repeat steps 5, 6, and 7 and find the 
new deflection associated with the new critical load and 
repeat step k* These repetitions will converge to the 
exact answer. 
For gable framess Types I and II g -« The equation below gives the 
ultimate load for the different ratios of span-to-rise and to height 
of columnss 
p - (0.125 + R h) Mp (92) 
Where R is a constants 
For the height of column of B2L n, R 8 3 0.25 
For the height of columns of "L", R • 0.5b 
The results are shown in Figs. 57 and 58. 
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To m o d i f y f o r d e f l e c t i o n , t h e e q u a t i o n b e c o m e s s 
p = J 0 . 1 2 5 + E ( h - d j j Mp w h e n h > d (93) 
ands 
p = ( 0 . 1 2 5 ) Mp w h e n h ^ d (9U) 
T h e r e s u l t s o f t h e a b o v e e q u a t i o n s a r e a l s o g i v e n i n F i g s . 57 a n d 58 . 
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CHAPTER III 
DESCRIPTION OF TESTS 
All test specimens were loaded in an Olsen, screw-powered con­
stant strain machine of 20,000 lbs. capacity, reading to the nearest 
0.2 lbs. Increments of load were varied, depending on the ultimate 
load capacity of the specimens, The objective was to get an indicative 
load-deformation curve. This type of machine was chosen to avoid any 
dynamic effect and to speed testing. 
Test Arrangementg — The test arrangement is shown in Fig. 25. The 
specimens were mounted on a 2 k v x 30ri x 3/4 n plywood board by h n x J w 
x O'-li" steel plates with a 3 / l6" keyway in which the legs of the model 
were set. Small 2" x |" x O'-lf" plates locked the legs firmly to the 
steel plates with two J B bolts. In turn, the k n x x 0,-iii* steel 
plates were fastened to the plywood board with four \ n carriage bolts. 
The plywood board was set on two 2 a x 4 n x 1 6 W pieces of lumber in a 
vertical position and was braced with two 2tt x 219 x 20 M pieces of 
lumber to insure its stability. The two 2 H x k n x l6 ! l pieces of lumber 
formed the base of the plywood board. The base of the plywood board 
was set on two J H x 3 i " x 1 6 " flat plates welded to four vertical 
steel pipes 2 k n long. In turn, the pipes were fastened to a 20" x 20 H 
x J n plywood base. 
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T h e m o v a b l e h e a d o f t h e t e s t i n g m a c h i n e w a s s e t u n d e r t h e 3 A " 
p l y w o o d b o a r d o n w h i c h t h e m o d e l w a s f a s t e n e d a n d b e t w e e n t h e t w o r o w s 
o f 1 § " s t e e l p i p e s , t h u s a l l o w i n g t h e h e a d t o m o v e u p a n d d o w n f r e e l y 
b e l o w t h e m o d e l . 
A s s e m b l y o f T e s t S p e c i m e n s g — T h e l o a d w a s t r a n s m i t t e d t o t h e m o d e l 
b y a s e r i e s o f l o a d i n g b e a m s c o n n e c t e d w i t h f l e x i b l e U - s h a p e d b r a s s 
c l e v i s e s h a v i n g n e e d l e p o i n t h a r d e n e d s t e e l s c r e w s t o a l l o w t r a n s v e r s e 
m o v e m e n t . A d e t a i l o f t h e c l e v i s e s i s s h o w n i n F i g s . 28 a n d 29. T h e 
s p r e a d e r beams w e r e c o n n e c t e d t o t h e m o d e l b y t e n s i o n r o d s o f d e f i n i t e 
l e n g t h s t o f o l l o w t h e c o n t o u r o f t h e m o d e l . T h e r o d s w e r e s c r e w e d t o 
b o t h t h e c l e v i s e s a t t a c h e d t o t h e b e a m s a n d t o s i m i l a r s t e e l c l e v i s e s 
a t t a c h e d t o t h e m o d e l . T h e l o a d f r o m t h e m a c h i n e h e a d t o t h e b e a m s w a s 
t r a n s m i t t e d t h r o u g h a a l u m i n u m r o d c o n n e c t e d b y a c l e v i s t o t h e 
l o a d i n g beam a t o n e e n d a n d h a v i n g a 6B x x 0 I -6 B a l u m i n u m p l a t e o n 
t h e o t h e r , t o w h i c h p r e s s u r e w a s a p p l i e d b y t h e t e s t i n g m a c h i n e ' s 
m o v i n g h e a d . T h e d e a d w e i g h t o f t h e l o a d i n g a s s e m b l y w a s t e n p o u n d s . 
M a t e r i a l s — T h e m a t e r i a l u s e d f o r t h e t e s t s w a s t a k e n f r o m h o t r o l l e d 
3 / l6 n x 3/l6n x 1 2 , - 0 n l o n g r o d s . P i e c e s 1 2 " l o n g w e r e c u t a n d p l a c e d 
i n a n o v e n a t l l ; 0 0 o F . f o r e i g h t h o u r s , t h e n a l l o w e d t o c o o l s l o w l y 
o v e r a p e r i o d o f 1 6 h o u r s . T h e p u r p o s e o f a n n e a l i n g t h e s t e e l w a s t o 
r e l i e v e a n y r e s i d u a l s t r e s s t h a t c o u l d h a v e o c c u r r e d i n t h e m a n u f a c t u r ­
i n g p r o c e s s a n d t o e l i m i n a t e a s m u c h a s p o s s i b l e t h e e f f e c t o f h e a t 
g e n e r a t e d f r o m w e l d i n g t h e m e m b e r s i n m a k i n g t h e m o d e l . A n u m b e r o f 
c o u p o n s w e r e t e s t e d t o e s t a b l i s h " M p " { t h e p l a s t i c m o m e n t ) a n d t h e 
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p h y s i c a l c h a r a c t e r i s t i c s o f t h e m a t e r i a l . T h e m a t e r i a l e x h i b i t e d 
c h a r a c t e r i s t i c s s i m i l a r t o t h o s e o f o r d i n a r y A -7 s t e e l . 
I n s t r u m e n t a t i o n s — S c h e m a t i c d r a w i n g s o f t h e i n s t r u m e n t a t i o n u s e d f o r 
T y p e s I a n d I I a r e s h o w n i n F i g s , ( a ) a n d 2 7 ( b ) . T y p e I I I i s s h o w n i n 
F i g . 2 9 ( c ) . T h e s i m p l e b e a m t e s t s a r e s h o w n i n F i g . 2 9 ( e ) , a n d t h e 
p o r t a l f r a m e ( P - l ) i s s h o w n i n F i g . 2 9 ( d ) . 
T h e v e r t i c a l d e f l e c t i o n s w e r e m e a s u r e d w i t h t h e p l u n g e r o f t h e 
m i c r o m e t e r d i a l i n s e r t e d b e t w e e n t h e U - s h a p e d c l e v i s b e a r i n g d i r e c t l y 
o n t h e u p p e r p a r t o f t h e m o d e l . T h e h o r i z o n t a l d e f l e c t i o n s w e r e 
m e a s u r e d b y h a v i n g t h e p l u n g e r b e a r o n t h e s i d e o f t h e m o d e l w h e r e t h e 
d e f l e c t i o n s w e r e d e s i r e d . 
F o r T y p e I I I , micrometer g a g e d i a l s w e r e p l a c e d o n t h e e n d 
b l o c k s t o d e t e c t a n y h o r i z o n t a l m o v e m e n t s o f t h e b a s e s . T h e d i a l 
g a g e s w e r e b o l t e d t o a n g l e s w h i c h w e r e e i t h e r b o l t e d o r c l a m p e d t o t h e 
3 A " p l y w o o d b o a r d b a s e . 
T h e C o u p o n T e s t s —=• Two c o u p o n s o f t h e a n n e a l e d s p e c i m e n s w e r e s u b ­
j e c t e d t o a t e n s i o n t e s t . A h y d r a u l i c t e s t i n g m a c h i n e w i t h a n e x t e n -
s o m e t e r a n d a n e l e c t r o n i c r e c o r d e r w e r e u s e d t o d e t e r m i n e t h e v a r i a ­
t i o n i n y i e l d s t r e n g t h . T h e r e s u l t s o f t h e t e s t s a r e t a b u l a t e d i n 
T a b l e 2 . 
T e s t P r o c e d u r e s — T h e h n x J n x 0 , - l * n s t e e l b l o c k s s e r v i n g a s t h e 
b a s e w e r e s e t i n t h e p r o p e r p o s i t i o n a n d s e c u r e l y f a s t e n e d t o t h e 3 A B 
p l y w o o d b o a r d b a s e . T h e m o d e l w a s i n s e r t e d i n t h e 3 / l 6 n k e y w a y a n d 
l o c k e d i n p l a c e . 
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The clevises that transmit the load to the loading beams were 
screwed to the model, and the micrometer dial gages were set at the 
desired locations, as shown in Fig. 27. 
The table on which the model assembly rests was set on the 
testing machine. The movable head of the machine was lowered to clear 
the top of the table. The model assembly was set on the table allow­
ing the rod that transmits the load to the loading beams to pass 
through the movable hê ad, and a 6W x 6 n plate was inserted and bolted 
to the rod below the movable head of the testing machine. The force 
was thus transmitted to the model as the head moved down. 
Increments of load were applied to the model allowing a time 
lapse of two to ten minutes between successive loadings. As the load 
approached the ultimate capacity of the model, a greater loss of load 
was observed even though the strain was held constant. Ample time 
was given for the loads to settle before additional strains were 
applied. Readings of the minimum loads and the deflections associated 
with these loads were recorded. The primary purpose of these tests 
was to determines 
1 . The ultimate load at collapse 
2, The deflections at collapse 





Types I and lis — The vertical deflections of the apex in all cases 
indicated clearly the point at which the structure collapsed. 
Due to imperfections in the model itself and in the method of 
testing, the locations of the hinges at the weld points were formed 
outside the welds since the "Mp" of the welds was slightly higher than 
the "Mp" of the section. This factor created a local effect but did 
not affect the ultimate load of the model appreciably. 
In all cases except Types 1 - 6 , 1 - 7 , 1 1 - 6 , and II-7, where the 
welds at the apex extended a distance of about one half inch, the 
hinges were formed under the load adjacent to the apex and the ultimate 
load was higher than predicted, as shown in Figs. 3 7 , 3 8 , 1*1*, and k$* 
The deflections measured were slightly less than the calculated 
deflections except in Types 1 - 6 , I-75> II - 6 , and II - 7 , namely for the 
reasons outlined belows 
1 . The load at collapse was less than the load predicted 
by the simple theory 
2. Strain hardening does occur, thus reducing deflections 
at ultimate load 
3 . Imperfections were present in the making of the model 
Eqs. ( 9 3 ) and (9l*) enable us to predict within a limit of accuracy the 
ultimate load of the structure. A summary of all results is shown 
graphically in Figs. 5 7 and 5 8 . 
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TYPE I I I . — THE DEFLECTIONS WERE MEASURED IN THE SAME MANNER AS FOR 
TYPES I AND I I . THE DEFLECTION OF THE APEX OF THE MODEL DEFINED CLEARLY 
THE POINT AT WHICH FAILURE OCCURRED. THE ULTIMATE LOAD OF THE STRUCTURE 
WAS MUCH LOWER THAN THE PREDICTED ULTIMATE LOAD BY THE SIMPLE PLASTIC 
THEORY BECAUSE THE DEFLECTIONS HAVE CONSIDERABLE EFFECT ON THE REDUCTION 
OF THE "PLASTIC MOMENT" DUE TO INCREASE OF AXIAL LOAD AND CHANGE OF 
GEOMETRY OF THE STRUCTURE. 
THIS DEFLECTION EFFECT BECOMES VERY CRITICAL IN LOW RISE-TO-SPAN 
RATIOS AND A REDUCTION OF %% FROM THE PREDICTED ULTIMATE LOAD BY THE 
SIMPLE THEORY WAS OBSERVED IN TESTS. THE RESULTS OF ALL THE TESTS ARE 
PLOTTED IN FIG. 59 AND COMPARED WITH THE THEORETICAL RESULTS FROM THE 
SIMPLE PLASTIC THEORY. THE PERCENT REDUCTIONS DUE TO THE EFFECT OF 
DEFLECTIONS ARE SHOWN IN TABLE 6. 
PORTAL FRAME - TYPE P-LG — THE VERTICAL DEFLECTION SHOWED CLEARLY THE 
POINT AT WHICH FAILURE OCCURRED. A 3/8" LONG WELD EXTENDED IN THE 
REGION WHERE THE LAST HINGE WAS SUPPOSED TO FORM. CATENARY ACTION 
CAUSED THE MOVEMENT OF THE COLUMNS OF THE FRAME. A COLLAPSE MECHANISM 
IN THE MANNER SHOWN IN FIG. 2U WAS FORMED WHICH YIELDED A HIGHER ULTIMATE 
LOAD AND A GREATER DEFLECTION THAN THAT PREDICTED. THE RESULTS ARE 
SHOWN IN FIG. 5U. 
THE OBJECT OF THIS TEST WAS TO DETERMINE THE "MP" OF THE WELDS. 
IT IS OF INTEREST TO KNOW THAT THE "MP" OF THE WELDS WAS GREATER THAN 





29 (Mp + Mpw) = 2pL9 ( 1 + 2 + 3 + 2 ) 
Mpw - 8pL - Mp 
Mpw - 1 1 6 - 5 1 . 5 * 65.5 





Simple Beams - Types B~l and B-2g — The objective of these tests was to 
substantiate the value of "Mpn obtained from the coupon tension test . 
The vertical deflection was obtained from the micrometer gage readings 
and i t defined clearly the point at which collapse occurred. (See Figs. 
55 and 56) . The test was extended to show the regions where strain 
hardening started. The value of BMpn in the beam tests agrees with the 
calculated value from the coupon tests and the results are shown in 
Table 3. 
Types I and IIg — The measuring of the horizontal deflections was not 
too significant. I t was of interest to find that as the plast ic moment 
was developed at the base of the columns, the structure started moving 
to one side. This was due to imperfections in the model i t s e l f and in 
the testing equipment. Since the horizontal deflections were not indicative 
of failure, they were plotted for only Types 1 - 1 and I I - l in Figs. 32 
and 39. 
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Type Illg — The intent of measuring the horizontal deflections was 
to detect any movement in the blocks that served as the base of the 
model. The movement was in the order of 0.001B to 0.002n and can be 
neglected. 
Portal Frame - Type P~lg -« The horizontal deflections were significant 
for they gave a good indication as to when catenary action started and 
showed the movement of the columns. (See Fig. 5U). 
Beams - Types B-l and B~2g The horizontal deflections of the ends 
were not measured. 
Material Properties 
Coupons s — A hydraulic testing machine with an extensometer and an 
electronic recorder was used in the tests. The yield strength of the 
two specimens tested was very close and the average of the tension 
test results was used in the calculation of nMp n, the plastic moment. 
Results of these tests are shown in Table 2 , 
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CHAPTER V 
DISCUSSION AND CONCLUSIONS 
The theory developed for the solution of the ultimate load of 
gable frames proved to be adequate. The proposed method is outlined 
belows 
1 . Determine the location of possible hinges 
2. Select possible mechanisms 
3. Set up the equation expressing the principle of virtual 
works 
External Work, "WE" * Internal Work, "W-j." 
lu Select the lowest critical load to cause failure which 
in turn yields the correct mechanism 
5» Check equilibrium by drawing moment diagram 
M-^r Mp 
6. Moments are now all known. By statics solve for axial 
load on members of the structure 
7. Apply interaction formula to find the values of k ±, 
k^, and k y 
8. Solve for the deflection at "ultimate11 
9. Take the new configuration of the structure prior to 
failure and compute the critical load as in step lw 
This should be ample to give a conservative value of 
the ultimate load. 
Effect of Axial Thrust 
Types I and lis - One of the faetors that will influence the reduc­
tion of "Mp" due to axial forces in the ratio of P/&p, the greater 
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this ratio the smaller the " k " values and the greater is the reduc­
tion. This explains the fact that the greater the rise-to-span ratio, 
the greater was the reduction in Mp since P (the ultimate load) becomes 
greater. 
In Type 1 - 1 with a rise-to-span ratio of lsl* and a ratio of 
P/tep of 1.7U, the " k " values were (see Table h ) s 
k,_ » 0.998 k 2 - 0.998 k 3 - 0.999 
In Type 1-7 having a rise-to-span ratio of Is61+ and a ratio of P/Mp 
of 0.89, the B k n values weres 
k x « 0.999 k 2 - 0.999 k 3 = 0.999 
In Type I I-l having a rise-to-span ratio of lsU and a ratio 
of P/Mp of 2 . 6 , the n k B values were. 
kj_ * 0.996 k 2 « 0.995 k 3 * 0.998 
In Type II-7 having a rise-to-span ratio of ls61j and a ratio of P/Mp 
of 0.97, the B k B values weres 
- 0.999 1 ^ - 0.997 k 3 - 0.997 
Thus the effect of axial force on the reduction of RMp B is not very 
critical when a square section is used, and when P/fap is small an 
upper value of this ratio has not been established. I n case a WF 
section is used, the reduction in "Mp" due to axial force becomes more 
critical and should be computed for each individual case. 
A gable frame similar to Type 1 - 1 with L = 5 s -0" and 18WF50 
members gave a ratio of P/Mp » 0.00835 and computed " k " values ofs 
k± « 0.95 k 2 = 0.95 k 3 » 0.98 
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Another frame similar to Type 1 1 - 1 , with similar characteristics as 
the previous frame, gave a ratio of P/fap - 0.0125 and computed ''Ic* 
values of (see -appendix C) g 
k ± = 0.89 k 2 - 0.87 k 3 - 0.95 
Type I l lg — I t i s evident from the previous discussion that the rat io 
P/fap i s an important factor in the reduction of "Hp" and that this 
ratio i s more c r i t i ca l for this type of structure than i t i s for gable 
frames. The use of WF sections in such a type of frame makes the 
reduction even greater. Contrary to the case for gable frames where 
the greater the rise-to-span ra t io , the greater the axial thrust, i t 
was observed in Type I I I that between the l imits of r i se to span of 1 sit 
to Is 64, the lower the r i s e , the greater the axial thrust. This 
stands to reason, since "JP" as computed by the simple theory i s constant. 
The average values of B k n varied from 0.988 in the l%k r i se- to-
span ratio to O.U79 in the Is64 rise-to-span rat io, yielding a reduc­
tion in ultimate load of 52/6 in the la t te r case. (See Table 5) • 
Effect of Deflections 
Types I and l i s — I t was obvious from the tests that the deflections 
had an effect on the ultimate load of the model. In Type I , this 
effect caused a reduction^ of h*h% in the IsU rise-to-span ratio 
(Type I - l ) and 6% in the ls9»4 rise-to-span ratio (Type I - h ) . The 
The reduction represents the deviation of test results from the 
simple plastic theory. 
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calculated reduction of the ultimate load due to deflection by the 
modified theory as compared to the simple theory, varied between 6.6$ 
in the lsl; rise-to-span ratio (Type I-l) and 8.k% in the Is32 rise-to-
span ratio (Type 1-6)(see Table 5 ) . 
The effect of deflections in Type II caused a reduction (see fn. ̂ ") 
in ultimate load that varied between 7.1|$ in the Is!* rise-to-span ratio 
(Type II-l) and 12a6% in the l s l 6 rise-to-span ratio (Type II - 5 ). The 
reduction calculated by the modified theory as compared to the simple 
theory varied between 1 1 . 2 $ in the Izh rise-to-span ratio (Type II-l) 
and 15>.2$ in the l s32 rise-to-span ratio (Type II-6) (see Table 5> and 
Figs. 60 and 61). 
The effect of deflections is reduced if a WF section is used to 
replace a square section because of the smaller shape factor ("f") of 
the W section, as compared to a square seetionj i.e.s a greater "I" as 
compared to that of a square section of the same moment carrying capacity. 
Roughly, the deflections of a WF frame, at "ultimate", would be 
(l.ll^x 100$ of those for rectangular section.?. 
1*5 « 
A comparison of the reduction due to deflections between a 
rectangular section and a WF section if shown in Figs. 60 and 6l for 
Types I and II frames. 
Type IUs — The deflections in such a type frame seem to be very 
important. Their effect on the ultimate load caused a reduction varying 
from 13$ to 5 l $ (see Table 6) and was most critical in Type III-7, where ^ 
The reduction is based on the difference in "ultimate load" pre­
dicted by the simple plastic theory and the modified theory. 
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the rise-to-span ratio was Is32, No solution was established to pre­
dict this effect because the configuration of the structure prior to 




The following recommendations for improvements on the testing 
equipment should lead to more accurate resultss 
1 . All similar models should be bent to the proper configura­
tion, then annealed in an oven. Welds are a souree of 
error if not performed properly by a qualified welder. 
2. A system of turnbuckles on the tension rods that connect 
the loading beams to the model could be used to a greater 
advantage and would save time in setting up the test. 
The following lines of study should prove rewarding for further 
investigation of gable frames% 
1 . More study could be made to establish the effect of "P/fop" 
on frames with different spans, column heights, and rise-
to-span ratios, having different type sections. Until 
such a relationship is established, each frame should be 
analyzed as a ease in itself. 
2. More research work could be done on Type III structures 
to determine the effect of deflections. 
3. The effects of axial force and deflections in frames 
having members of variable sections should be investigated. 
APPENDIX A 
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FIG- 52 . VERTICAL DEFLECTIONS FOR TEST I I I - 7 
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Fig. 53- Vertical Deflections for Test III-8 
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Fig. 5uo Horizontal and Vertical Deflections for Test P-l 
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Fig. 5 5 . Midspan Deflection for Test B-l 
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Fig. 5 6 . Midspan Deflection for Test B-2 
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Fig. 61. Effect of Deflection on Ultimate Load for Frames Type II 
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A P P E N D I X B 
TABLES 
Table !• Model Dimensions 
Types 1=1 1=2 X°3 1-1* 1-5 1-6 1-7 i i - : 1 11=2 ! 11=3 II-U n - 5 II-6 II-7 
H U.0 3.0 2.0 1 . 5 1.0 0.5 0.25 L*.O 3.0 2.0 1 .5 1.0 0.5 0.25 
L 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 
Types 1 1 1 = 1 III--2 111=3 111=1* n i - 5 111=6 111=7 111=8 P-l B-l B-2 
H 1*.0 3.0 2.0 1 . 5 1 .0 0o8 0.53 0.25 
L 2.0 2.0 2 .0 2 .0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 
Notes All dimensions are in inches. The above dimensions refer to Fig. 29o 
Table 2 . Results of Coupon Tension Tests 
Coupon Py b 
Number in Ihs. in in. 
T-l 1100 0 .1875 0.0352 31300 5 1 . 5 30 1.03 
T-2 1100 0 .1875 0.0352 31300 51*5 30 1.03 
Notes The above coupons were tested wittLan 01 sen .^Supex..LwLJ^rau11iL-IInlTEBXiBal Testing Jlachlne. 
Table 3» Results of Beam Tests 
P Mp Average Mp 
in IbSo in in. lbs. in In. lbs. 
Area of E I 
section oy Mp , 1 * 








5 1 . 5 
5 1 . 5 
Table I*. Values o f the Constants and o f the " k w Fac to rs 
Type A B c D E F G H I k l * 2 • k 3 
1 - 1 0.01021* 0 . 0 2 0 1 * 8 Oc 01021* 0.01505 0 . 0 2 0 1 * 3 0 . 0 0 1 *58 0.0101*7 0.0101*7 0 . 0 0 0 0 0 0.998 0 . 998 0 . 9 9 9 
1=2 0 , 0 0 7 6 8 0 . 0 1 7 9 5 0.01021* 0 . 0 1 3 6 1 * 0 . 0 1 7 2 5 0 . 0 0 3 6 0 0 . 0 1 0 9 5 0 . 0 1 0 9 5 0 . 0 0 0 0 0 0 . 9 9 8 0 . 998 0 . 9 9 9 
1 - 3 0.00512 0 . 0 1 5 3 6 0.01021* 0 . 0 1 2 6 0 0 . 0 1 5 0 8 0.0021*9 0 . 0 1 1 3 6 O . O I I 3 6 0 . 0 0 0 0 0 0 . 9 9 9 0 . 9 9 9 0 . 9 9 9 
1 - 1 * 0.00381* 0.011*09 0.01021* 0 . 0 1 2 2 0 0.011*08 0 . 0 0 1 8 9 0 . 0 1 1 1 * 9 0.0111*9 0 . 0 0 0 0 0 0 . 9 9 9 0 . 9 9 9 0 . 9 9 9 
0.00256 0 . 0 1 2 8 0 0.01021* 0 . 0 1 1 9 2 0 . 0 1 3 1 9 0 . 0 0 1 2 ? 0 . 0 1 1 6 0 0 . 0 1 1 6 0 0 . 0 0 0 0 0 0 . 9 9 9 0 . 9 9 9 0 . 9 9 9 
1=6 0 .00128 0»01150 0 . 0 1 0 2 1 * 0 . 0 1 1 7 6 0.0121*0 0.00061* 0 .01168 0 0 01168 0 . 0 0 0 0 0 0 . 9 9 9 0 . 9 9 9 0 . 9 9 9 
1 - 7 0.00061* 0 . 0 1 0 8 9 0 . 0 1 0 2 1 * 0 . 0 1 1 7 2 0 . 0 1 2 0 3 0 . 0 0 0 3 2 0 .01169 0 . 0 1 1 6 9 0 . 0 0 0 0 0 0 . 9 9 9 0 . 9 9 9 0 . 9 9 9 
1 1 = 1 0 . 0 2 0 1 * 8 0 . 0 3 0 7 2 0.01021* 0 . 0 3 0 1 0 0.0351*8 0 .001 *58 0.02091* 0.02091* 0 . 0 0 0 0 0 0 . 996 0 . 9 9 5 0 . 998 
1 1 = 7 0 . 0 0 1 2 8 0 . 0 1 1 5 0 0 „ 01021* 0.0231*2 0 . 0 2 3 7 0 0 . 0 0 0 3 2 0 . 0 2 3 3 8 0 . 0 2 3 3 8 0 . 0 0 0 0 0 0 . 9 9 9 0 . 997 0 . 997 
I I I - l 0 . 0 1 9 6 8 0.06131* 0.01*066 0 . 0 1 7 0 5 0.05508 0.03801* 0.0101*9 0.01*198 0.0311*8 0 . 9 8 5 0 . 988 0 . 9 9 2 
1 1 1 = 2 0.02181* 0 . 0 7 2 9 2 0.05108 0 . 0 1 9 7 7 O . O 6 8 7 8 0 .01*902 0.011*63 0.05850 0 . 0 1 * 3 8 7 0 . 979 0 . 9 8 1 O . 9 8 6 
1 1 1 = 3 0 . 0 2 7 7 2 0.10091* 0 .07322 0 . 0 2 6 3 0 0 . 0 9 8 1 0 0 . 0 7 1 8 0 0 . 0 2 2 7 5 0 . 0 9 1 0 0 0 . 0 6 8 2 5 0 . 9 6 2 0 .961* 0 . 9 6 9 
I I I - l * 0.031*51 0.1301*7 0 . 0 9 5 9 6 0.0331*3 O0I283O 0.091*87 0 . 0 3 0 7 2 0 . 1 2 2 9 0 0 . 0 9 2 1 7 0 . 9 3 8 0.91*1 0.91*6 
1 1 1 = 5 0.01*910 0 . 1 9 1 3 9 0.11*228 0 . 0 1 * 8 1 7 0 . 1 8 9 5 2 0.11*131* 0 . 0 1 * 6 5 9 O . I 8 6 3 ! * O o 1 3 9 7 5 0.881* 0 . 886 0 . 8 9 0 
1 1 1 = 6 0 . 0 6 0 2 0 O.236OO 0 . 1 7 6 0 0 0 . 0 5 9 0 0 0 . 2 3 3 8 0 0.171*90 0 . 0 5 8 1 0 O . 2 3 2 0 O 0 . 1 7 1 * 0 0 0.81*1 0.81*3 0.81*6 
1 1 1 = 7 0.091*73 0 . 3 7 6 3 6 0 . 2 8 1 6 3 0.091*36 0 . 3 7 5 6 3 0 . 2 8 1 2 6 0.0931*5 O . 3 7 3 8 O 0 . 2 8 0 3 5 0 . 7 1 1 0 . 7 1 2 0 . 7 1 5 
1 1 1 = 8 O . I 8 8 0 7 0.75100 0 . 5 6 2 9 1 0 . 1 8 7 8 8 0 . 7 5 0 6 1 0 . 5 6 2 7 3 0.1871*2 0.71*970 0 . 5 6 2 2 7 0.1*79 0.1*79 0.1*81 
-SI 
J3 
Table 5. Summary o f the Resu l ts o f Tests on Models Types I and II 
T h e o r e t i c a l M o d i f i e d Test Resu l ts 
3 
D i f f e r e n c e dv dv 
rspti 2 i n T h e o r e t i c a l Test Type i n Lbs . i n &>s i n Lbs . Reduct ion Reduct ion Percent i n Inches i n Inches 
1=1 90.5 8u.5 86.5 6.6 1*4 2.9 0.51 0 4 3 
1-2 79.2 73.5 75.0 7.0 5 . 3 2.0 0 .U7 0 . 3 9 
1=3 67.5 6 2 o 8 63.6 7.0 5.8 0.2 0 . 4 3 0 . 3 8 
1-4* 62.3 57.5 58.5 7 . 7 6.0 0.2 o.ia 0.3a 
1-5 5 6 4 52.0 53.5 7 . 8 5.2 0 . 3 0 . 3 9 0.32 
1-6* 51.0 U6 . 7 53 o 5 8 4 «= 0.36 0.44 1 - 7 * 1*7.5 1*5.0 52.0 5.3 - * 0 . 3 5 4 3 
1 1 4 135.0 120.0 125.0 11.2 7.1* l u l 0.69 o.5o 
II°2 112.5 99.6 100.5 11.5 10 .6 0 . 9 0 . 5 8 o.U* 
11=3 90.5 78.5 82.0 13 . 3 9.1* 
4.5 
o . 5 i 0 . 4 0 
I l - l i 79.0 68.5 71.5 1 3 . 3 9.5 hck 0 . 4 7 0 . 3 3 
n-5 67.5 58.0 59.0 HwO 12 . 6 0.2 0 . 4 3 0 . 3 7 
II - 6 * 56.3 1*7.7 55.0 15.2 «= «=> 0 . 3 8 0.1*3 
11=7* 50.5 1*5.0 52.0 10 . 9 - „ 0.36 0 4 3 
Reduct ion due t o d e f l e c t i o n d i f f e r e n c e between ! ? P r a t h e o r e t i c a l and ttPM m o d i f i e d i n p e r c e n t . 
2 
Reduct ion due t o d e f l e c t i o n d i f f e r e n c e between " P n t h e o r e t i c a l and R P W o f t e s t i n p e r c e n t . 
3 D i f f e r e n c e between n ? n M o d i f i e d and " P m o f t e s t i n p e r c e n t . 
* The exp lana t i on o f the r e s u l t s o f these t e s t s i s g i ven on page 29. 
Table 6 . Summary of the Results of Teats on Models Type I I I 
Theoretical Test Results Reduction Due Reduction Due 
Load , !P W Load n P ® to Axial Load to Deflections Total Reduction 
Type in Lbs. in Lbs. in % in % in % 
Ili-l 1 8 0 . 5 l 5 u . 5 1 . 3 1 3 . 1 llwli 
I I I - 2 1 8 0 . 5 U . 7 . 0 1 . 9 1 6 . 6 1 8 . 5 
1 1 1 = 3 1 8 0 . 5 1 2 8 . 0 3 . 6 2 5 . 5 2 9 . 1 
I I I - I 4 1 8 0 . 5 1 0 9 . 0 5 . 9 3 3 . 6 3 9 . 5 
m - 5 1 8 0 . 5 8 4 . 0 li.ii U 2 . 0 5 3 . 4 
1 1 1 = 6 1 8 0 . 5 6 5 . 0 1 5 . 7 U 8.u 6 u . l 
i r r - 7 1 8 0 . 5 3 6 . 6 . 2 8 . 8 5 0 . 8 7 9 . 6 
1 1 1 = 8 1 8 0 . 5 3 U . 8 5 2 . 1 2 8 . 6 8 0 . 7 
A S E M I - G R A P H I C A L 
DETERMINATION O F THE REDUCTION 
FACTORS DUE TO A X I A ^ FORCE 
F O R WF S E C T I O N S 
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A SEMI-GRAPHICAL DETERMINATION OP THE 
REDUCTION FACTORS DUE AXIAL FORCE FOR WF SECTIONS 
The method of finding the nk° values for any frame having WF 
members can be simplified by using a semi-graphical approach. This 
method is adequate for design purposes. An example to illustrate 
this is shown belows 
Assume a l8WF£b is to be used in a frame similar to Type 1-1 with 





From Eq. (10) s 
From Eqs0 ( 1 5 ) , (16), and (17) we haves 
Ag • H cos c< + R sino< 
Ao • H cos o< 
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For an 1&W£0 from AISC(3)s 
A «• 14.71 sq. in. 
(100) 
2Z 7Z V- P — (k, + k?) + f—g- (k, + 2k? + k,) (101) 
Ay ÂOL2 8Afeor J 
For A-, using Eqs. (28) and (4) we obtains 
a 3 - M£ (k̂  + k2) j * ( 1 0 2 ) 
y AfeoL 1 * 
Z - I.I4 x 89 « IOI.46 in. 
3 
Â from Eq. (18) will bes 
From Eq. (4) we haves 
Py m Ay « Mp A 
T 
thens 
V W ^ 2 1 ^ ( 9 9 ) 
For Ag, using Eqs. (22) and (4) we gets 
8U 
\ - 0 . 0 5 0 ^ + o.io8ok2 + o.o5oî 3 (lOli) 
Ay 
A2 « 0,0738k-j + 0.0962k2 + 0.0221^ (105) Ay 
A3 = 0o05lUkn + 0o05llik9 (106) 
^ 1 
Assuming all "k's" to be equal, we haves 
J. - 0.2160k (107) Ay 
h. - 0.192Uk (108) 
^3 s 0.1028k (109) Ay 
Now these equations can be written in the form shown belows 
- Ck (110) Ay x 
k_J_ - Ck9 (111) Ay 
*2 - Ck- (112) 
A, ^ ^ Since ̂  is greater than we use in the determination of k2. 
The values of C for k-̂, k2, and k̂  are as folows s 
For k,s C = 0.2160 




C * 0.2160 
C » 0.1028 
From Fig. 63 we obtains 
k x - 0.95 K 2 - 0*?5 
0.98 
1.0 
Curve for 18WF50 from (1)' 







K - M P C 
M P 
Fig. 63. Axial Load and Moment Interaction Curve for an 18WF50 
T*or neutral axis in the webs 
M P C - 1 - A 2 ( P ) 2 
M P UVZ fy 
For neutral axis in_ the flanges-
2 ft - a - pJj [d -1 + a - P ! 
M P B Z L L_ -K^-y 
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To f i n d t h e v a l u e s of " k ^ " , " k g " , and " k ^ " , we e n t e r t h e c h a r t 
i n F i g . 63 on t h e r i g h t w i t h t h e v a l u e of "C" a s d e t e r m i n e d f rom t h e 
p r e v i o u s c a l c u l a t i o n s . We t h e n go h o r i z o n t a l l y t o t h e l e f t u n t i l we 
i n t e r s e c t t h e i n t e r a c t i o n c u r v e and go down v e r t i c a l l y t o i n t e r s e c t 
t h e "Hpc" a x i s , w h i c h i n t u r n g i v e s u s t h e d e s i r e d v a l u e o f " k n , 
To o b t a i n more a c c u r a t e v a l u e s of n k n , s u b s t i t u t e t h e v a l u e s 
o b t a i n e d f rom t h i s f i r s t t r i a l i n E q s . ( 1 1 0 ) , ( 1 1 1 ) , and ( 112 ) and 
r e p e a t t h e p r o c e d u r e . 
An a n a l y s i s was c o n d u c t e d f o r a f r ame s i m i l a r t o Type I I - l w i t h 
L a - 0 " u s i n g l 8 W F £ b s e c t i o n s . The v a l u e s of n C n and R k B w e r e a s 
f o l l o w s % 
C - 0.3168 
F o r k, C = 0.32|00 
C * 0.2056 
From F i g . 63 we o b t a i n s 
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